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A s«Iected ion monitoiing gas chromsitograpliy-inass spec¬ 
trometry (GC-MS) procedure was developed to determine 
the interaction product formed by acrylonitrile (ACIN) with 
the N-terminal amino group in haemtiglobin. The product, 
A’-(2-cy8naethy[)vaIine (CEV), was analysed following its 
release from the protein by a modified Edman degradation 
procedure. Quantitation was achieved using A'(2-cyanoe- 
thyl)-[^H$]Val-Leu-Ser as internal standard. The limit of 
detection of the assay was 1 pmoi C!EV/g globin. A close 
to linear dose-response relationship was found for adduct 
formation in rats treated with ACN by gavage. On the 
basis of a linear extrapolation, a dose of I mg/kg body wt 
yielded 248 pmol CEV/g giobin. Too groups of workers 
who were exposed to ACN contained 19S4 ± SO 2066 
(« = 9) and 2276 ± SD 1338 (« - 7) pmol CEV/g giobin 
respectively. These values were highly significantly greater 
(P < 0.01 following a one-way analysis of variance with a 
logarithmic transformation of the flata) than those in a 
group of control workers in the saniie factory (31.1 ± SD 
18.5 pmol CEV/g giobin, n - 11). The concentrations of 
N'terminal CEV in giobin samples from 13 smoking and 
10 non-smoking mothers and from their newborns were 
determined. Adduct levels in the smokers averaged 217 ± 
85.1 pmol CEV/g giobin, significantly higher than the levels 
In non-smokers, which were undetectable. Individual values 
in the mothers were very' highly corirelated with the levels 
in their babies (which averaged 99.5 i 53.8 pmol CEV/g 
giobin), which demonstrates that transplacental transfer 
of ACN occurs. Significant correlations were also found 
between the number of cigarettes smoked per day by the 
mother and the CEV levels In both the mothers' and 
newborns’ giobin. There was, however, no correlation 
between the CEV levels and those of the ethylene oxide 
adduct A-(2-hydraxyethyl)v3line in samples from either 
the mothers or babies. 


*AbbreviaUons: ACN, acrylonitrile; CEO. 2-c;?unc!ethylcne oxide; PFFITC, 
pentufluoiophenylixothitKyunate; PF7TH, peiitafluorcphenyUhiohyduntoin; 
GC-MS. gas cbrcimatogruphy-mass spjetrometry; CEV. A'-i2- 
cyanoelbyllvaline; MTBSTFA, Af-methyl-A'-i-butyltdimcibylsilyltirifluoro- 
acetamide; TBDMCS, t-butyldimethylehtorrisiluRe; TBDMSi, t-biiiyl- 
(dimetbylsilyli; [^jlCEV. Af-(2.cyanoethyl)-|'HsivaUne: CP, contimioas 
polymerization workers; MM, mainlenanert meebunjes; HEV. A'-(2- 
bydroxyethybvaline. 
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Introduction 

Acrylonitrile (ACN*) is widely used in industry for the 
manufacture of plastics and synthetic ftbre.s. resulting in 
considerable human exposure to this chemical. ACN is also a 
component of tobacco smoke, which represents a further route 
of human expo.sure (I). 

Administration of ACN to rats by inhalation, gavage or 
addition to the drinking water has produced tumours of the 
brain, stomach and Zymbal glands (2,3), Carcinogenicity in 
other animal species has not yet been proven, Evidence for 
tlie carcinogenicity of ACN in humans is still limited owing 
to: (i) the insufticient length of time that has elapsed since 
initial exposure.s; (ii) the .small working populations diat have 
been studied; (iii> methodological difficulties; (iv) multiple 
exposures; (v) the confounding effects of smoking habit (4). 
From the human epidemiological studies that have been 
conducted on ACN-exposed workers, some have shown statist¬ 
ically significant increase.? in the incidence of lung and prostate 
cancers (5,6) and others raise concern about the possible 
association betw'een AGN exposure and excess lymphatic and 
stomach cancer incidence (7). On the ba,sis of the available 
epidemiological and experimental data, an lARC working 
group has considered .ACN as possibly carcinogenic to 
humans (8). 

Most studies on the metabolism and distribution of ACN 
have been performed in the rat. In vitm experiments carried 

out in rat hepatory-', !:v,-rnri.:iT-ntii;-:, L-,,; mi;, ; • . und 

luna cells i®) In '.M ',(■ ■■■. m;i L,.- uiMu.i-iDli.-en 

by ri'O.: c >^I,.;';)], i.'[r',|r|,'. 

2-cvr,niK‘rrv!^li(' .'viilc- Ir.r-i i.-:i ■; i I'-i h;;,,;,-; 

(■|■:OI!r'll lMn_ Ml 1 :,ii' , aggesting that epoxidation 

occurs mainly in the liver (10,11). CEO formation has also 
been observed following incubation of ACN with microsotnes 
from mice and humans (11), ACN and CEO cun undergo 
direct conjugation with glutathione (9,12), which seems to be 
the main detoxification pathway and leads to the excretion of 
A'-acetyl derivatives and odier catabolic products (13-15). 

ACN and CEO are electrophilic and can bind irreversibly 
to proteins and nuele-o rcids 'P,16.171. f'-rminc :Td;l:‘rts. 

1 Lim 'L’l'.■. !u..'r L-'en m-. i,■ i:i1in.-.i'Fci . 
i1( ripTrturctO ^;i;r:';Mj;Mii'-: MS; -i-h 

:m!,':i. :r"- I'ik'i'. .■ roiM. mh: ,n ■ ji,_ ■ ! ■.■.M„t of exposure to a' 
carcinogen over an extended period owing to the long lifetime 
of red blood cell.? and the ab.sence of adduct repair. Haemo¬ 
globin is al.so available from blood in large amounts, which is 
an important practical advantage when compared with the 
analysis of DNA adducts. Characterization and quantitative 
determination of the adducts formed in human haemoglobin 
by ACN and CEO would add infomiatiori (which is currently 
Jacking) on exposure to. and metabolism of, ACN in humans. 

There are several sites in haemoglobin susceptible to elec¬ 
trophilic attack. Adducted sites that have been used for 
biomonitoring purposes include the sulphydryl in cysteine, the 
imidazole in histidine, carboxylic acid groups in aspartic and 
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. glu^uc acids uml the amino group in ^^-tcr^linal valine <1R). 
AddtK& at N-terminal valine have flad extensive use as 
biolojgteal monitors since the developmijm by Tbniqvist ct nil, 
(19yof a practicid method for selectively cleaving alkyiateS 
Nrle^p^ valine lipm the protein chain. I his method is a ^ 
thic^tii^ degradation ppacedure and involves coupling 

the._.,^^latcd_ Vjdinc . vvitiii .peniaftiaorbphenylistithioej'iltiate 

(Pn»fTC) jinder ' lidWly . i o produce.. a',. 

pentafluoT^hedylthibhydantbih (PF^H!) derivative which can 
be ansdysrf . by gas dirbftl_aU)graph;if-jria.ss spectrometry' 
(GG-MS), The adduct formed by .^CiN at the N-terminal 
valine.in haemogibbin is formed by an addition niechanisni, 
generating iV-(2;cyanoethyl)valine (CE\f) (Scheme 1). 


CH 3 . ^ cHa 
CH 

^CCH2CH2^H — 

Scheme 1. Reaction of ACN with N-tcohinal v.ilinc in htcmoglohin. 

Osterman-Golkar et id. (20) have repented on the use of the 
moditied j^nian degrad.ation technique to determine the levels 
of CEV ii[giohin of rate treated with /\CN in their dri tilting 
water andbblso in eight humans (four smokers and four riph- 
smokers). N-Tenmnal GEV has also betm liieasuied in globin 
of 41 workere in. the People’s::,Republic of China japg a 
similar analytical approach (21), In our present svork, we have 
applied an analogous (but eKperimeiitallly different) approach 
to deteimne N-termibal CEV in the globlln of three popu^tions 
expos^ to AGN: a group of workere inysil ved in the protiuctioji 
of acrylic fibres, a population of smoldng mothers and their 
newborn babies, and rats injected with doses ratiging”from 1 
to 10 mg/kg, . 

An essential step in quantitation of i^idtein adducts is the 
synthesis and characterization of the appitopriate standards, i,e. 
a splution with an accurately known anjount of the adduct to 
be determined, and an intefhal standard, preferably cuntaining 
the same adduct labelled with a stable isotope. The optimal 
conditions for the modified ^man tiegradatjon procedure are 
different for the free adducted aniino acidl.compafed with when 
the amino acid is^finked withift a peptide' (20), For ftis reason, 
the use^of fiee^addocted aminp. acids.as standard.s.fpr the. 
quantitatipn, of adducts aiteplted^.tQ glohiii may hot be'teliabje 
(22),_Tiie _jd:e^ stendaids would modified with ttio 

carcinogen and globin modified with a ! tabic isoiopc-Iabcllcd 
carcin.ogeh. However, the accurate determination of the amount 
of adduct inji/ryirw labelled gjobins is a complicated and 
time cpnsuirung'process. One good wr.y 10 overcome these 
difficuitieSis to use an adducted j>epiide wliose adduct content 
coiild be easily determined apd which should behave in a similar 


.way to the globin during the modified Edma:ii vceicd.iinni 
procedure. ,; 

.. . .For this purpose, we have synthesized the adduct of ACN 
with the N-teninnal tripeptide of Ihc o.-diain ot' human 
haemoglobin (Val-Lcu-Ser), to be used as HiTcmal standard in 
the'qaantifaTion of CEV in the sample hacmoclobins (23). The 
valine used for synthesis of the tripeplidc was either unlahellcd 
oFtepippically labelled with eight atom.s of denteriiim. This 
approach of ours differ,s from 'that of Ostermanjjplkar er al 
■'(20_ and Bergmark ct al. (21), who used the adduct of 
pHjJACN with valylvalyiglycinc and the adduct of [■■Hjj- 
elhylene oxkle.with globin as intemtil standards tct|'.’::i;vel>. 

Materiuls .aiid^inethads 

ACN was supplied by AWii»;h iGiUingham, 

thylsilyl>^fluQro^et^ide ( MTB SfF^ contem^ t^ju?'.^iii,cthylcltlo- 
rohiliinc iTBliMtiSrwarpuTC'bis^ from Piuree.an4Wanw7!^ Ch'*stsr^ 
PFPITC v.as obte.iiied tVelii Chen'ic».ls_([>aWhlt^k).For?wiiide 

(.\«ska; Flukfl Channels, Dirssh.Oky wasby elution tlirongii 
aljiiiitiicni o.vkle uictiyhy ijrade 1: \ViKliti),'^Airotil'ff safvehts of aniia'- 
^rrdi? iind rcJoUilcJ befarc uS^' SepP^'Cfs caili'idgesJMiilipai'e. 
Cru.xle.v Oreen, UKt.were wiisticJ^sueeessirely’nitrretKyl'awtate i>t ml). 
mAtancil (4 ni!) piiii water (4 , 

CEV was prepared by cyahoeihylatlon of rfi-valiuc with .VCN iisinii an 
equivalent of base t;4). ' ” ^ ■ ■. 

The Iripeptidc [‘Hj]Val-I.ci!-.Scr was syntHcdfcd by the Protein and Nuclcjc 
.Vdils rhemknl Uibnrawr,', Utiivetsity of Lctccster (Leicester. UK). pTijiVu- 
lihe (OStv atom crifi'chmcnc) was supplied by CanrihriUge liotope Lal'inVaTones 
(Andover, M.4). ^ '.'t 

Prepiinniot! of .n:.'iulit'i!s 

.V-|2-0',7n(.'t'l/!.vfJ-)^/i(!i/l&J-Letf i'v’e The tripeptide (Th.]V.il.|,ei[-‘ier (TR mg. 
0,12 nnnoll y® dissolved in water (0.2.i jnl). Sodiunt, iiydtoyide .(1. .N, 
0.24 iiil/(j.j4 mmol) and .ytlN (20 ,U, o.VO inmol) were added. The rsaeiioii 
ntiitiire W^s)!efr^ robinTeifepCTeittrrfe for 4S h and then acidified '.viih HCI 
(2 N, 0.12 ml) to'S®'tlie reaction and the prndttci was piiritieil hv prepaTaiivc 
,HPLC(23): . 

Olofiin oddMed mihJ^Cl^, fiesb\wi^^ (7.5 ml) .yeeje yvasjipd three 
Times .w^h isotonic sSine aiidTncu^.^^ tvith'ACN.f.'O ill) for 20 h. The edis 

■ \v^e thetTlysed with deionized Water aiitl ccUtlebrls re 1 novod by eerttrifugation 
(20 OOC.gf The globin was. precipiiaiedi ffotn llic sup cm at ant witli'hf HCI 

■ in acetBngi.The pfotcifLWWs then WaShfid .sue« with lici in .'■.cetbiie. 
acetone atiddfeSiyf etber :in3 then dri^, 

DeteTmmalion_cf,N-(2‘.cyanpeih\'l><'iilO!e in gfr^in 

Sta}idard adducUd 0obidyint sM\}tied g[ohiu (.S mg) was nilxed 

.jvith.Ihe iiileraai sta!tdate,.A'-.(2-.cyanoclhy]i)-[®H3jVa|-Leu-‘?or <40 nnioll, and 
suhrnitfriTo.hyStpiyas in' HCIlj A* ff(TC for'24 h »j rv.ii'ii'i Tiie ^ 

antltio'aCid mixtffl'he.teltihgtteniJIiOrbtein' hydros w.ie sonicated (.in' 
an Ultrasonic bath) with MTBSTFA. 4 '1%, TBDS1CS (30 pl> and nccioiiitrilc 
<3^kl) at b5*C 1^ 45 mm and then^h^ to bs.^C for a rlmlici 45_nii!i. .The 
i-bu'iyf(dimcthHsiryl) flBDMSi) derivaliv^^ produced were analysed Iw 
tJC-MS usitig a VO Trio quadrupble mass Rpeetroinetci' coiiplcj to an 
HP5890 Series ITgas chromaio^ph.'Samples Were injected s|i'.tlless onto .1 
30 mXQ.32 nim ktit^nOI column supplied bjTResteT Cinpi (Beilcronie, PA). 
Thejniri^ oyenjemperatufe Was lOO’C for 1 min, followed l>y a teiripcraturc 
ramp at 3(),l'C/ihTn.;.tp..27E)“C. The mM^spectrometcc was niTerated in the 
electron Impct laniEUion'mqde aK.d'selee.tiye"iok’ihdWii'uiTiig waV'earned 
of the ion lOi/: 2S8 for the TBOMSi derlwaliye of .V-(2^arl)o\yciltyl)valini 
and in/; 266. fof 'the correspondmg Ion from .the defh'.atiicd (icuicratc.J 
analognc. Quantitation was aehieyed by reftrence to a caUbtatiun line wtiicln 
...n'as^^ta.bljshcd forji, ftepejs ofjathpiM'cbM 5 mg contniJ globin, the 
ihleijiBl sjairdard /y-(2-eyanoSthyl)-FHjJVal-Lea-SEr (40 hthbi) and varying 
anSatihtsSf CEV.iOtidtSnnibl). These.samplcs Wcrchydrolysccl'arifrtl'jris'atiT.eJ 
Tn'tbe same Way as the slandard adducted, globin (ato,veX,' 

Modified Ednuin degoadotiofi procedure. (3jo.bin was prepared'froip human up 
. 1 ‘at.^rythrocyley by the procedure described above, Sairiiplcs of 56 mg acre 
disspjyeyin. fbrtnWoiSe to which Was)a^b_d)V-(2-cyaiK)cffiyl)-['l klVul-Leii- 
,Sef (266 pmb!).' PFPITC (10 pi) Waaadded to the satitples, a hii.'K were shaker 
overnight at room leidperaiure'.aifidrdieW for.'90 min.;il.40yC,.Tlie)fevutti.ng 
CEV-PpyTH W ylsglaled, by Sep-Pak C|j ettilridge cbromiitograpby, .After 
the siirapte "was . pplied to the.c.pliiain’ it.Was washed with .wiiic.r^y nil 1 and 
ttexene (I ml) and (he CEV-PFPTff v.'b" k 
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acTOtc <4 nilK The pT(Mlin.'t was cviifnir.Hid and ihe residue radibsolvcd in 
tolMcnc (2 mil with 1,0.1 1 ml) anil Wa'-.l U trili. Tlie 

toluene e^aut '.vas th^ evaporated Id drs'ne is anti llie residue dissolved in 
ai»tonitriW (30 |ilj fra GC^MS analysis. The GC-MK prixiedine was similar 
to that us^ Tor W-(2-cw(>oxye^yi5valine labuve) with the e.vccriioiV that u 
3iO mX(),32 min RtxsS column was used witlli a lemperalmc prograuirtt: of 
an iiiiti^ tem^raniid df l()0^fc I mh folliawcd hy a tiiii|>er,ittirc ruinpjo 
■295"C at SO’C/mia The seketed ions niuTtiicred were tlie liiolccular ion of" 
the dmvaierf”sdduct at m!z 377 and the cifnTe’ipandinn k.n(s) at mi: .ISid 
ahd/or 3M for the deuiieraleil internal standard 

.1 A calibmtion l|iw for the quimtilalLou wa2 established tor each batch.of 
samples analysed! Aliquots of cdiiIioI globin (SULmg) wire liiixed wltH'fc 
interna! standard peptide (200:pmol) and with a range of amutinis ^ .. 

standard;unlabelled aiMiUiti^ glotin. The taijge of CEV cpitcenlraii nis for 
the cahbraticin line was adjusts araording to, of sample.s Ireing ' 

analysed; for ACN-expo'sed wort^ tile aftio^ of dEV m the ^Obin added 
iiariekt from <i to 3tft (Mtiol. for samples from hioihers and their riewboms 
from 0 to 43 pmoiand for ACN-dosed rats fiioiri 0 to 173 prnt'l. 

Tnaimeruc/frarsyifrfiAC^f 

El^teen female .F^her 341 raw (body wf llSO-196 g) wcut divided into si.v 
groups and id each an oral dose (0. T. 3. 5, 7 nr .10 ragi'Ag) ef ACN was 
administer^ by ^vage. Blood was collected after 28 h by cardiac piiiLture. 
vdih a tu'pa^ized syringe, under ether anzeltlscsia The bipod v7as cchW fugvtl 
(900 gf an j the erythrocytes washed three tiTiics with, phosphate-bufteicd 
saline. Water (3 vol.) and phosphate bufferi(6.67 M. pH 6.5, 4 vol.) were 
added to the washed cells. The globin .was; prepared From this lysate by the 
procedure, descrfvid .above for the sl^dard globin adducted with ACNh 

Human sample collection 

Blood sOTplcs w^eie collected from woifcers in a ppiyme'dzation piajn where 
occupational exposure to ACN occurred. UMlse wotkere were from eitl-.cr the 
cohtinupus pblyirierization part'of the'factory (CP) ..or were maintenance 
rtiechaiiics (M1i4). The exposure of the latter group of workers was during 
reptir and cleaning of the polymerization teantors. Active and passive smoking 
status was established by questionnaire: only nonsmoking siibjecrs were 
included in thif study (seven CP and nine MM). Eleven conlrol sobjet is who 
were office workers ill'the same fectory ivete'also Hithpleil, Globin was 
prepared from all haemoglobm solutions employing (he same prc-eeiture as 
was used for tire aiiinuil blood sampies. 

— Blood saiiiplei from smoking and nonysiiiiking motlieis and iheir ncv. ixiriiv 
were available from a previous study (25). 

Results J 

. Quantitation of N-terminal CEV wus achieveti using clecucni 
iiripact select^ ion monitoring of the molecular ion (M'*”) of 
CEV-PFPTH, liberated following a modified Edman degrada¬ 
tion of globin, in order to establish'calibration lines |t was 
nece^'^' to prepare" both an iii].label|ed AiTN adduct of, 
globin and an internal standard, whiich was the AClN-adducted 
tripeptide [^HglVal-teu-Sef. The structure of the iattef was 
detemuned by NMR pd electraspiray tandem mass specifo- ' 
metry (23). The content of CEV in the unlabelled adduct of 
ACN with globm was determihedi byJGC-MS selected ion 
mpnitpring of a deriVatized acidiif hydrolysate using W-(2- 
cyanpethyl)-[^lVa!-Lcu'Ser as Internal standard paring 
protein hytRolysis, CEV in globin a:3d [^HglCEVin the internal 
Maindard peptide were converted to N-(2-c.afbpkyethyl)vaUne 
and respectively. Calibration 

lines Were established using control globin mixed with varying 
amounts of authentic^ .^EV and J/V-(2-cyalloethyt)-[^H8lVal- 
Leu-Ser. the amoimt.of CEV in the standard^a^^^ 
was; detemnined to be IS nmol/mg ^obih lassiifhihg qiiStita- 
iive conversion of CEV in file glpbin to V-(2-oarboxyethyl> 
vdine during the.acidic bydrplysisl. 

Using the, above tvuo! 'standards...h w.as then possible to 
■ detenniherthe anaount of N't^furiniql CEV in globin using the 
ntodified Wman technique. A caliliitatrdn line was constructed 
with eudi bMtih of .analyses nsinjj a fixed aindunt of jV-( 2- 
cyanocthyl)-f’HBlVai-Leu-Ser and varying aniounhi of the 





Fig. 1. Dos^re.sjiorise cui'^-- for llu‘ pnxli.jctiui; uf CEV in'rjls uciiic I i 
‘ACN (onil tiosc, liigAigy. Values rj'c the irii^an — KD for i 'U 



Table [. CEV aJjLct levels in the glcbii! cl .VCN-exposcd '.vnikerri, Uital 
eoiitrui'.voikers. snoking nn'llitrs ami iheir fith.pririf, 

No, ill' Hznge Tvleui', — SD 

^dbji-'vl? iprric>l''i! globir,) t'pi'vibtig globin) 

- KspoireJ workers ~ 9 ‘)3.9 -574(3 19X1 r: 2r:>65 

Exposed workers (CP) 7 _ 635—tf;f>.l . 2276 3; 1733 

Comiril workers . 11 S:.,3-7r),5 31.1 ± IS.5 

Smoking mothers -' 13 92,.5-37.> 217 ± 3.5.1 

'B.ab.i^..front 13 34.0-21 49.5 3; 5.3.R 

smoking mothers 

uiilabelle'd adfinct of .ACN w ith globin. TIk ion - ,. h i-,..''i i-.'' 
tliC sclscted ion ttibnitbiiiig wefe''s'elected on Hk’ basis of 
e&tL-ii 'ifiiipiact jfiass' spec'tr.Tr 'scans of‘tite inil.ahelled and 
Isficllc'.l deri'iptives 'Tli. of the iin|abel|ed CEV-PFPTH 
d n.' .I'.i /e ii.w’weS an inv-r.cc molecular ton atwi/-7 377. where,as 

. that vii^^‘*3efivativ: ir-iiii A'-f 2 -cyaii£'etKylH"Hs 1 Val-l_e.u-.SeT 

siibvi^'" 6 ^Mf /2 35.5 ., riini).'/''3847in fiie”a^'fbximate ratio 
1:3.3. m niost occahKihi j;.,';" 384 was'u^cd to mo'nir.or du- 
deuteratejdjrfcrnal slabJard. Similar resiiUs. were obtained 
whm m/z S»5 >yas used. At* CAarrip^ of a calibration line bn/z 
377 and.m/z 3^) suitable for determination of CEV in the 
range (l^35fi'pm6t gave the fehaionshipy = O.WGS.v - (J.fHMl 
(P = 0'..99B). The'Timit of sensitivity of the assay was 1 pinol 
CEV/g globin. . " ' - 

iThe metfi^od w using globin samples from 

AC^-treated rats. Gavage do'ses up to 1(1 mg/ke yielded CEV 
in globih 'at'.'coiicenfrattdns up to‘ 2.1 nnipl/g globin and the 
dose-response relationship is shown in FigiireT'l - The curve 
appears to be sUghtly upwardly cc)nvex,“but close to litiear. 
T^c linew regression line is >■ » 24S.jT!;Ti 18.4 (r^ = 0.991), 
where .V Ts the concentfafidn of CEV in pinol/g giebin anil .i 
is the dose'in rngfieg. The arnpunt of CEV itvthe globin of 
untreated rats, if pfescht. Was below the limit of deteciioii, 
Non-srnoking workers = 16) who w.cfe e.xpbsed uccupa- 
tipnally "to ACN in a factoiy.wfie're ’AtN pob'tocrization wus 
carried out w.ere then analysed for GEy in glohin. Control 
subjects (n = ll) working in the saine factory!" but doing 
office work, were us^^f^^^ the CEV levels in all 

of tlic exposed wbfkefs'were'readily defecfable,' being in tite 
t;aiige 95!9-5746’!'pmol/g globin. (Table I and Figure 2). A 
reptesctitfitive selected ion monitoring trace is depicted in 
Figure 3. No_significant difference whs seen between the CP 
and Mitt "workers, who'se mean CEV i,:r.:l-, wevc 337b ^ ypr 
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Fig. 2. (a) C^. adduce I«_veK (pmol/);) in the globin of woiKois detilin* 
with ACN in a polymerization plant in two aicas: lontinuuiis 
polymerization.(CP),and, mechanical maiiitetiancc (MM). (It) CEV adtiiict 
levels (pmol/g)'in’the globin oC ctnHrpl .'vnrlicrs in tlic same factoi y loliicc 
’workeis). 



"Tun* (irin) 


Fig. 3. A- representative selective ion moniinring G v-MS trace im/.'; 377, 

384 and:?S5)'froni analysis of the CEV aJclircl in the haeiiiogloliiii of a 
worker espbs^ to ACN. ' 

1338 and 1984 ,2. SD 2066 pmol/g gloltin respectively. The 
levelsdelected wei^ signlficandy higher {P < O.(K)l ) thait 
those found in die control individuals. In thc ^laucr poptilaiion, 
the t^ge of values was 8.5-70^5 ptiidl/g globin. 

The edneentfStibn of N-tejMnal CEV in globin trom 13 
smbkirtg mothers and their hetiybqrn bajMep was then detw- 
mined. Twclvt oFthese mothers had previously been n^Qitared 
for exposure to ethylene oxide derived from constituents of 
tobacco smoke by measurement of N-teriminal /9-(2-hydroxye' 
■ thyDvaline (HEV) in globin (25), Globinis of 10 non^srhoking 




• Clgirette^Mty 

rig. 4. The eoriiem of CEV anJ HEV (pmol/f;) in ihe j^lohiii of bmoking 


nioihers i.»> and tlicir iiewlx>ms fb). 




0 50 ' iCG ■ 15-^ . 

cev Level* In Mcdker* (pntr.lij gicb'th) . .., 


FiR. 5. c orrebtion boiwccn CFV glohin aJUucis levels in sui iVii.,.: .ii 
and iheir newborn hnbiei. ' 


inotlier.s and their newbom.babic^i vyere_^aiiaiy^a as conitois, 
The range of CEV levels'iri tide smoking mdtheff globin was 
92.5-373 pmol/g globin and injtfieir newborn' babies 34.6-211 
pmo!/g globin (Table I). ’The concentrations in the globin 
of conii'ol mothers and their hewhoin b.abies were below the 
limit of deteciiun. ... Ji. 

The CEV levels in tlie’ globin of all but two'mothers and 
nil but throe babies were k^er^than the HEV levels that were 
previously determined in the saline gldbin samples (Figure 4). 
There was no statistically slgnidbaht relationship between CEV' 
and HEV in cither the rhoiher's' or the babies' samples. 
Additionally, neither of 'these correlations wa.s sialisticany 
'signifieuiil at P = 0.05 when’the background adduct levels 
we're suFtfaeled from the HEV levels. Howe\'er, in the samples 
from the smoking mothers there was a significant relationship 
between tire number of cigarettes' smoked per day and ilte 
CEV' levels in globin (r, = .O.03, P = 0.020). There vras also 
a signiiicanl correlation (r “ 0.009) between the 

number of cigarettes smoked by the mother and the CEV' 
levels in the babies’ globin. A highly significant correlation 
(r —.0,8"3f, ’r 'b".bOlTe'nA.'d..bctw’'een the_CEy [eyels in 
smoking mptheis’ globin' and that in the globin of their 
newborns (Figure 5), 
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Discussion ... 

Our analjrticM approach-differii from .that of Osterman-Golkar 
« a/. (20) and Bergiiiaik et ai (21) in Uiit we use the novel 
intenial standard jy;(2-cytmdethyl)-(‘HglVal-Leu-Ser, which 
replicates the N-tenhinal s^uence of haemoglobin, and elec¬ 
tion impact selected ion mohitpnng as O pposed to negative 
ion chetnical idniration thoiiitoring, A ihe stantod 
employedl here has a fi stahle isotope cbhtent, pHsL wluch 
is Myantageous fpif mass s^tirai selected ion monitoring and 
greater than could be achievable by the use of an adduct 
containing stable isotope-labelled AGN; ffhe [^HjlVal-Leu- 
Scr used for Syrithesis of the intemrd stendaid for CEV 
determination may similarly be . used for pidpWng [^Hg] 
st^afds for deteiminihg adducts of Mieif 
leact with haemoglobin N-tehniifal valinti (24)i].’I^e li;^it of'; 
detection of bur aMay is 1 pmol CEV/g ^obiiic which has 
been shown to be sufficient for quantitating CEV in globin 
fromexposedahihiais and workers, smokelrs, babies of smokers 
and jqme control nbri-smoking individual!^. 

The dose-nsspbiise telatibiiship for the production of CEV 
in rats treated \yithACN by gavage was'close to line.ar over 
the fan^ of doses 0-10 ACN at 1 mg/kg yielded 

248 pmol,CEV/g globin based on a extrapolation. In 
coniparison with adduct levels that we have^/prevwusly 
observed for other genotoxic agents, this level of nlkylaHon is; 
relatively abundant. Thus,’for./^exiimple, styrejie oxide was 
shown by us to produce in rats only -'60 pmol N-tenrninal 
valine adduct/g globin after an i.p. dost! of 50. mg/kg (26). 
Monitoring of this adduct in human samples has also success¬ 
fully been achieved (27). 

For the exposed workers in bur study, the levels of Cb.y.!n 
globin (1984 ± SD 2066 pmol/g globin for the MM group 
and 2276 ± SD 1338 pmol/g globin, for the CP group) were 
significantly higher than those of the control workera in the 
same factory (31, T ± 18.5 pmol/g globin; F < 0.01 following 
a one-way analysis of variance with a logarithmic traiisforiha- 
tion of me daa5. The r^ge of eximsed values 93.9-5746 
;pmoyg globin for die tiiM group and 635-4®4 pmol/g globin 
for the CP group. This may be compared with the CEV adduct 
levels observed! by Bergniark cf «/. (2il) in a; group of 41 
workers who Were involved in the synthesis of acrylamide by 
V catalydc hydration of acrylonitrile in a f!iclbry :in the People’s 
Republic of China. The values observed! in that study had a 
higher maximum and were in the range 201^ OOO; pmol/g 
globin. It is apparent, however, that lihe exposure in the 
Portuguese group -Was hbtLcbntinuoOsly .at a high level. Of 
iitterest was the fact .Uiat the.control workers working in offices 

.in the Portuguese factory had! measurable levels of CEV in 

their glbbm‘(8,5-70.5 pmol/g globin), Thiese values were mtl'ch 
higher than those In the globin of nbn-smqking rnotheVs, 
which were M^etectable. This may indfeate that this control 
populatibn^wat.ysbjexpbscd envirbnmejitally to ACN,. either 
throu^ the air (e.g. envitbrimeirttil tol^cco .sitlolcc or .ACN 
from the nearby occupational source) or tliiiough drinkiug water. 

The CEV levels that we observed in the smoking population 
averaged 217 ±' 85.1.pmbl/g globin and were in agreement 
■ with the values observed by Osterman-Gglkar et al in a much 
smaller population (20), In bur study, sll^ificant correlations;; 
were found between the nuniber of cigaiieites smoked per day 
by the mother and the GEV levels in both the motlicrs’ and 
the newborns’ globin. In all but one of these samples, die 
,HEV levels had previously been detenipined (25). However, 


- - II ill}’ t h* ;u r,% NinIf l itf 

;-,,in that study no cOriiM ni, ii v.,is I'oui.J ilic iiuinh.'i i>' 

cigafettes'smqkcd by the iiiodic] Jiid t)-,.- lib's' Ic'.cL, ciijicr 
in the mothers’ or in the babies' globin. The source of HEV 
in globin of cigarette smokers is not entirely clear, h is possible 
that^^rae^f itis.'derived fro^^ the small proportibu of ethylene 
oxide' in cigarette" sirLokc, but that a larger proportion may be 
derived ffpin effiylenc, which is metabolized hi t iro to cthyjene 
. . oxide! A tufther sourbe_ of HEV in control non-shinking 
.subjects is. thqugiit to be endogenous ethylene (28) and it is 
presuihably also possible that cigarette smoking ritay perturlt 
and/or at^tehtUate foe processes that generate tliis ethylene. In 
...yiewibf die,likelihc«d pf interir^y^ in both the 

pridady.e metabolism of effiylene ffid’ih endogehttus ethylene 
,, production it seems ap'pafgflf'mat!HEV may hot be as good a 
niaikcr of exposure to cigarette smoke as CEV. The absence 
.'uf 'significaht correlations between CEV and HF.V’ in mothers or 
children might be due to variations in die rate of detoxification, 
particularly of ethyiene oxide, .Even after subtraction of the 
background leveldffiEV, ho sisnilieant correlation v.as found. 
Culcura^ps!^^^tatistfcal ppWer ( show that w.ith a sample 
size of 12 tfere wofifd have '^eh',T’'9R'?o chance of detecting 
a correlation of ±0.8 uring a two-sided test with a. — 0.05. 
Both biomarkefs wilt of course, measure the biologically 
.active concentration of the ..active clectroplulc that rcuches red 
.blood, cells, .which may lie more relevant for risk .assessrneht 
than,.cigarette smoke exposure. 

Alsp.pf rclevance to risk estimation from ACN exposure i.s 
pfpductlpn of the inutagenic metabolite CEO, which would 
also be expected to form addncis yyith DNA and pri.iteins. The 
PETTH derivative of the potentiiS vaTine adduct of CEO. ,V- 
(2-cyano-2-h>’dfojtyethyt)valine lias rebchtly been synthcbizcd 
by Lawfeiice ■(24), but this Is unstable in the undcrivatized 
form to analysis by GC. Attempts ara'icurrently in progress to 

develpp’ an assay for this, corhpound. 
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